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(57)Ab5tract 

A polyaromatic cyanate characici**^^ , having formula (I)» wherein: Ar is an aromatic radical; B is a C7.20 poly- 
cyclic aliphatic radical; D is independently in each occurence any nonactive hydrogen-containing substitu nt; q, r and s 
are independently in each occurrence tiie integers 0, 1, 2, or 3 ; with the proviso that the sum of q, r.and s is gr ater than or 
equal to 2: t is independently in each occurence an integer of between 0 and 4 inclusiv ; and x is a numb r between 0 and 
5 inclusive. Another aspect of this invention is a process for the preparation of th polyaromatic cyanates. This process is 
characterized by first preparing ^anogen chloride m situ in a chlorinated hydrocarbon solution. The aqueous layer con- 
taining the alkali metal diloride by-product is separated from th chlorinated hydrocarbon lay r. Then the polyaromatic 
cyanate is prepared by contacting a bridge hydroxy-substituted polyaromatic compound with the cyanogen chloride solu- 
tion. Another aspect of this invention is a poiytriazin characterized as being the reaction product of (a) between 1 and 100 
mole percent of the polyar matic cyanate ester of this invention and (b) between 0 and 99 mole percent of one or more cy- 
anate-containing compounds known in the art as useful for the preparation of polytriazines. 
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POLYAROMATIC CYANATES, A PROCESS FOR 
PREPARING THE POLYAROMATIC CYAMATES, AKD POLYTRIAZINES 
PREPARED FROM TBE POLYAROMATIC CYAMATBS 

The invention relates to polyaromatic cyanates, * 
a process for preparing the polyaromatic cyanates and 
to polytriazines prepared from the polyaromatic cyanates. 

It is known from German Patent Specification 
No. 1,190,184 that high inolecxilar weight polytriazines * 
can he obtained hy polymerizing difunctional or poly« 
ftmctional aromatic cyanates at elevated temperature, 
optionally in the presence of polymerization promoters. 
The polymers are chauracterized for example hy their 
remarkable stability at elevated temperatures and they 
are duroplastic in character after tempering for a suf-> 
ficiently long period. The resistance of the polytri- 
azines to acids and various solvents may also be empha- 
sized. 

In addition, it was found by V. V. Korchak 
et al. (cf. Vysokomolekulyamye Soedineniya 1974, 
ntimber 1, pages 15 to 21) that the thermal and thermo-oxi- 
dative destruction of polytriazines based on aromatic 
cyanates is greatly influenced by moisture. 
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1,720,740 that polyfanctlonal aromatle 
further needed. tAenaally stable are 



20 



The xaveation is directed t«- » , 
cyanate characterized i, T^^*"^*** *° * Po.lyaromatic 
c^wxaed by having the formula 



fOCN) 




vherein: 



25 



. Ar is an aromatic radical; 
D I ""^-2° Polycyclic aliphatic radical- 
t^ent; ^ '"^^^^^^ ^^^ogen-containing ststi- 

^ " 0, 1, 2, or 3; With the proviso 
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tha-t the sum of q, r and s is greater than or 
equal to 2; 

t Is independently in each occurrence an 
integer of between O and 4; and 

X is a number between 0 and 5* 

Another aspect of this invention is a process 
for the preparation of the polyaromatic cyanates* Shis 
process is characterized by first prepazring cyanogen 
chloride in situ by contacting a solution of chlorine 
in a chlorinated hydrocarbon with an aqueous soluliion 
of alkali metal cyanide. Then the aqueous layer 
containing the alkali metal chloride by-product is 
separated from the chlorinated hydrocarbon layer 
containing the cyanogen chloride. Then a solution of a 
polycyclic bridged hydroxy-substituted polyaromatic 
phenol in a suitable solvent is contacted with the 
cyanogen chloride solution in the presence of a tertiary 
amine to prepare .the polyaromatic cyanates of this 
invention. 

Another aspect of this invention is a polytri- 
azine characterized as being the reaction product of 
(a) between 1 and 100 mole percent of the polyaromatic 
cyanate ester of this invention and (b) between 0 and 
99 mole percent of one or more cyanate-containing 
compounds known in the art as useful for the preparation 
of polytriazines. 

The novel polyaromatic cyanates of this 
invention prepare polytriazines which are surprisingly 
more stable to hydrolysis than prior art polytriazines. 

The polytriazines of this invention can be 
used as c\xre-in-place resins or fabricated in the form 
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mor. pr«f«rrtiy a bwaene radical. 

Polyeyclic allpuatic radical r.^-.^ v ^ 
««r .liphalric r^Jical which conWtj *^ *° 

tb. polycyclic aliphlLT^r." 
«» or Bcre double or tri=i. T / ' contain 

^^P-.c radical. ::rr^rr^" ^ 




"*^2"-ri ; — c^- III, 



VI, 
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whersin: 

O 0 

N II 

Y is ~C3s, "S^, -S- or -S- ; 



and D is C^^^^ alkyl. 

B is more preferably a radical wJaich corre- 
sponds to one of t±te formulas IZr ZII# IV, V, VI, Vll, 
15 VIII or XIII with radicals corresponding to formulas 
II, III, IV ,^ V or XIII being even more preferred, and 
radicals corresponding to formula II being most preferred. 

X) is any substituent whicb can be substituted 
on an organic hydrocarbon radical, with the exception 

20 that the substituent cannot contain an active hydrogen 
atom. Substituents within the scope of this invention 
are well-known to those skilled in the art. Active 
hydrogen atom means herein a hydrogen atom which is 
bonded to an oxygen, sulfxzr or nitrogen atom. Examples 

25 of substituents withdLn the scope, of D include allqrl/ 
alkenyl, aUcynyl, aryl, alkaryl aralkyl, halo, alkoxy. 
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nitro, carboxylate, -sulfone, sulfide or carbonalte 
moieties. Preferred substitueats are alJcyl, 
*^1-10 siltenylr altro, and halo moieties , "with C 
alkyl, c^^3 alJqrnyl,. bromo and chloro moieties being 
most preferred. 



10 



15 



Preferably, g, r and s are independently i or 
2. and are most preferably l. Preferably,, t is indepen- 
dently an integer of o, i or 2, more preferably 0 or 1 
and most preferablr 0. Preferably, x is between o and' 
2 inclusive, and aoie preferably betv^en 0 and 1 inclusive. 

The polyaromatic cyanates of this iiwention 
usually exist as a mixture of many isomers. Farther 
tiiese polyaromatic cyanates usually are found as a mL- 
ture Of compounds in which x is between 0 and 5 Usu- 
ally the number given for x in a parlricular miactare is 
an average nxanber* 

in one preferred embodiment the polyaromatic 
cyanates correspond to the formula 



20 - NCO 



OCN 




25 



The polyaronatie cyanat. e«t«» of tbi« 
i»«ntion .r. generally prepared by contac1:ing a .uttabl. 
polyaro«ti= J 
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presence of a tiexrtxary astine* II; id preferable to 
prepare the cyanogen chloride in situ by contacting a 
solution of chlorine in a chlorinated hydrocarbon 
solvent with an agueous solution of an alkali melial 
5 cyanide, the reaction Biixture separates into an orgaziic 
layer of the chlorinated hydrocarbon containing the 
cyanogen chloride and an aqueous layer containing the 
alkali metal chloride salt. Generally, the alkali 
metal cyanide and chlorine are reacted in a molar ratio 

10 of between 1.0:1.0 and 1. Oil .15, preferably between 

1.0:1.0 and 1.0:1.05; and most preferably 1.0:1,0. An 
excess of either may result in xmdesirable consequences, 
that XB, excess chlorine may later react with the 
phenol r and excess alkali metal cyanide may result: in a 

15 lower product purity. Xhis contacting is done at a 
temperature of O^C or below, preferably less than * 
-15**C. Above O^C the cyanogen chloride will trimerize^^ 
Preferable solvents for the chlorine are the aliphatic 
chlorinated hydrocarbons, such as,^ for example, methyl 

20 chloride, chloroform, and 1,1, 1- trichloroethafte . The 
preferred alkali metal cyanide is sodium cyanide. 

The aqueous layer and organic layer are then 
separated. The separation of the organic layer from 
the aqueous layer ie advantageous as the presence of 
25 the aqueous layer in further processing adversely 
affects the purity of the polyaromatic cyanates 
eventually prepared. 



The organic layer containing the cyanogen 
chloride is then contacted with a polycyclic bridged 
30 hydroxy-substituted polyaromatic confound dissolved in 
a stxitable solvent in the presence of a tertiary amine. 
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ar«».*- ^°lycyclic bridged hydroxy-subslrituted poly, 
aromatic compounds useful *.k,„ t'^Ay- 
the formula correspond to 



(H<Hg Ar- 



cs)^ 
I t 



(OH), 



' B 



. Ar. 



(OH). 



Wherein Ar, b, o, r, t and 
10 hereinbefore. 



X are as defined 



In one preferred embodiment the polycrclle 



15 HO 





i^een 0 and 5. Usually the number aiven 
IS an average number The * *^ * 

preferred. ««WAene chloride most 
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The process is preferably 4one a-t a -tempera- 
ture of O^C or below, more preferably -15^C or below.. 

For complete conversion of the hydroxy moi- 
eties on the aroma-tic radicals to cyanate moieties, at: 
least: 1 mole of cyanogen chloride for each hydroxy 
equivalent: is needed. It is preferable to use an 
excess of 10 mole percent of cyanogen chloride for each 
hydroxy equivalent to insure cosiplete conversion* 

The tertiary amdLne acts as a hydrochloride 
accep-tor, and as a result a tertiary amine hydrochloride 
salt is a by-product of -the process* Generally, at 
least one mole of tertiary amine for each hydroxy 
equivalent is used* Hydroxy e^ivalent refers herein 
to the average molecular weight of the polycyclic 
bridged hydroxy-substituted polyaromatic compound 
divided by the average number of hydroxy moieties per 
molecule. 

The palyaromatic cyanates can be recovered 
from the reaction solution in the following manner. 
The reaction mixture is first contacted with a dilute 
aqueous solution of base, such as a bicarbonate, to 
remove the excess cyanogen chloride* Then the reaction 
mixture is contacted with water to remove -the tertiary 
amine hydrogen chloride salt. Thereafter, the reaction 
solution is contacted with a dilute aqueous acid solution 
to neutralize any base present. A 1-20 weight percent 
solution of hydrochloride, phosphoric or sulfuric acid 
can be used, preferably a 5-10 weight percent solution. 
The reaction solution is then contacted with water to 
remove any impurities which may be present. The reaction 
solution is dried over a dessicant to remove the water, 
€uid the solvent is stripped off. 



1 
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ThB polyaromatic cyanate recovered is of sur- 
prisingly high piirity and can be used directly to 
prepare polytriazines 

The polycyclic bridged bydroxy-substituted 
5 polyaromatn.c compounds useful in this invention can be 
prepared by reacting an aromatic compound, containing 
a-t least: one aroma-tic hydroxy moiety and one position 
on the aromatic ring which can be alkylated, with an 
unsaturalied polycyclic aliphatic compound under conditions 
10 such that, a polycyclic bridged hydroxy-substituted 
polyaromal:ic compoxmd useful in this invention is 
prepared. 



Suitable substituted aromaUc hydroxy com« 
pounds which can be employed herein include any such 
15 compounds which contain one or two aromatic rings, at: 
least one phenolic hydroxyl group and at: least: one 
ortho or para ring position with respect -to a hydroxyl 
group available for alkylation« 

Particularly suit^le hydroxy«subst:itut:ed 
20 aromat:ic confounds which can be employed herein include, 
for exanrple, phenol, chlorophenol, bromophenol, methyl"* 
phenol, hydroguinone, catechol, resorcinol, guaiacol, 
pyrogallol, phloroglucinol , isopropylphenol, ethylphenol, 
propylphenol, t-butylphenol, isobutq^lphenol, octylphenol, 
25 nonylphenol, ciunylphenol, p-phenylphenol , o-phenylphenolr 
m-phenylphenol/ bisphenol A, dihydroxydiphenyl sulfone, 
or mixtures thereof* 



30 



Xhe hydroxy-substituted polyaromatic compound 
is contacted with the uxxsaturated polycyclic aliphat:ic 
confound opi:ionally in the presence of a solvent* 



25 



30 
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l»tw«« 10.0,1.0 and 1.5,1.0 °' I'«"««»>ly 

^ p».«c?:: a"::^"- 

Acid ca'talys^ whi h 

araikyi sulfonic acids and T .1 ^ ' 
• oxide and al^.^^ed ^^Clo^^e xV^'"^ 

»^t«res thereof. Prefer^x 
5 acids as BP aas Z catalysts are such Levis 

*3 organic contpiexea k ^-cwxs 

•thanoi, or aeetlc add », t"«nol. creaox, 

-«a»pl,, ai^^ chlorid. r "^"^ 
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of (a) between 1 and 100 percent by weight: of the 
polyaromatic cyanate of this invention, and (b) be1:ween 
0 and 99 percent by weight of a cyanate which is useful 
for preparing triazines, such cyanates being well-known 
S to those skilled in the art. The prior art: emanates 
useful in this invention include those corresponding to 
the formula Ar^OCN}^ wherein Ar is an aromatic radical, 
and n is an integer of from X to 5« Preferable cyanates 
include those corresponding to the formula 



10 




(OCN) 



Wb t^'>c 



e 



wherein 



20 



15 



each R is the same or different and repre-^ 
sents hydrogen, halogen, straight and branched 
-C^-CjQ alkyl, phenyl, alkoxy radicals having from 
1 to 4 carbon atoms, alkoxy carbonyl radicals hav- 
ing from 1 to 4 carbon atoms in the alkyl group; 
or two adjacent radicals R on the same nucleus may 
t:ogether form a carbccyclic 5- or 6<»membered ring, 
two adjacent radicals R may, together with a 
hetero atom (O^ 5, K), form a 5- or 6«»m6mbered 
heterocyclic ring. 



25 



R' has the same meaning as R or represcmts 
tdie group 
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(OCN) 



■A 



A represents a direct bond, a c -c 
^o^ optionaXX. s^stituted c.-c^ X^T""' 
Phenyl, a cycloaXiphatic or aromatic 5- or 
6.«eabered ring optionally interrupted by oxygen 
a sulfonyX group f-so - ^ v , 
group, * carbonyx dioxide 



(-OCO-) 
u • 

o 



25 



or a carbonyX group; 

«>i * f ^ «««ier Of from i to 5 when 

and. a nunber of from 2 to 5 when e«o. 

c represents 5-d; 

d represents a number of from o to 5, and 
* represents o, x, 2 or 3, 

one or more of *r _ , cyanates within 

iaore Of the fonnuXas noted above- i ^ 



V 
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2r4--disieth7l-X,3-dic7anatobexusexie, 2 , S-di-tert-butyl- 
-1, 4-dicyanatofoen2en6 J. -tetrametliyl-l , 4-dicyanatobezi2ene , 
2,4, S-^trimethyl-l^a-dicyanatobenzene, 4-chloro-l,3-dicya- 
natiobenzene, 1,3-/ 1/4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,6- or 
5 2 , T-dicyana-tonaphthalene , l,3,5-tricyana1:oben2ene; 4,4«-di- 
cyanatodipbenyl , 2,2* -dicyanatodiphenyl , 3,3*^5,5' -tetr a- 
methyl-4 , 4 » -dicyana1:o<iiphenyl , 3 , 3 * , 5 , 5 ' - tetr acbloro-4 , 4 » - 
-dicyana-todiphenyl, 3,3' ,5,5*-tetrachloro-2,2*-di<^ana*to- 
diphenyl , 2, 2 • r 6 , 6 • -1:etracIiloro-4 , 4 » -dicyanatodipbeayl , 

10 4,4'-b±s-[(3-cyanato)-phenoa7]-diphenyl, 4,4»-bis-[(4-cy- 
anato ) -phenoxy J -diphenyl ; 2,2* -dicyanatio-l , 1 * -binaphthyl ; 
4,4* -dicyanatodiphenyl ether, 3,3 » r5,5'-tetramethyl-4,4»- 
-dicyanatodiphenyl ether , 3 , 3 ' , 5 , 5 » -tetrachloro-4 , 4 ' -di- 
cyanatodiphenyl ether, 4,4'-bis-tp-cyanatopheno3cy]-diphe- 

U5 nyl ether, 4,4»-bis-[p-cyanatophenylisopropyl]-diphenyl 
ether, 4,4'-bis«[p-cyanatophenoxy]-benzene, 4,4»-bis-[m- 
-cyaaatophenoxy] **diphenyl ether, 4, 4 « -bis- [4- (4-cyanato- 
phenoxy)-phenyl sulfone]-diphenyl ether; 4, 4 •-dicyanato- 
diphenyl Sttlfone, 3,3 ',5,5* -tetr amethy 1-4,4 '-dicyanato- 

20 diphenyl sxafona, 3,3 ',.5,5' -tetrachloro-4, 4* -dicyanato- 
diphenyl sul f one , 4,4' -bis- [p-cyanatophenylisopropyl] - 
-diphenyl sulfone, 4, 4^ -bis- [(4-cyanato)-phenoxy] -diphe- 
nyl sulfone, 4,4'-bis-[(3-cyanato)-phenoxy]-diphenyl snl^ 
fone, 4,4»-bis-C4-(4-cyanatophenylisopropyl)-phenoxy]- 

25 -diphenyl sulfone, 4,4»-bis-[4-<:rgranatophenyl sulfone)- 
-phenoxy] -diphenyl sulfone, 4,4'-bis-[4-(4-cyanato)-di- 
phenoxy] -diphenyl sulfone, 4,4* -dicyanatodiphenyl meth- 
ane, 4, 4 » -bis- [p-cyanatophenyl] -diphenyl methane, 2,2- 
-bis-(p-cyanatophenyl)-propane, 2 , 2-bis- (3 , 5-dimethyl- 

30 -4-cyanatophenyl) -propane, 2,2-bis-(3,5-dichloro-4-cya- 
natophenyl) -propane, 1, 1-bis- [p-cyanatophenyl] -cyclohex- 
ano, bis-[2-cyanato-l-naphthyll-methane, 1, 2-bis- [p-cya- 
natophenyl] -1,1,2, 2-tetramethyl ethane, 4,4»-dicyanato- 
benzophenone , 4 , 4 » -bis- ( 4-cyanato ) -phenoxybenzophenone 
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1 , 4-bis- [p-cyanatophenylisopropyl ] -benzene , 2 , 2 ' r 5 , 5 ' - 
-tetracyanatodiphenyl sulfone; polycyanic acid esters of 
novolaks (reaction products of phenol or alkyl- or 
halogen-substituted phenols with fonaaldehyde in acid 
5 solution) having from 3 to 5 OCN groups and the like. 
Preferred conventional cyanate containing compoimds 
include 2, 2-bis(p-cyanatophenyl) -propane and 2/3-bis- 
( 3 , 5-dibromo-4-cyanatophenyl ) -propane . 

The polytriazines of this invention prefer- 
ably comprise the reaction product of (a) between 25 
and 100 percent by weight of the polyaromatic cyanates 
of this invention^ and (b) between 0 and 75 percent by 
weight of a cyanate which is useful in preparing polytri- 
azines. More preferably, the polytriazines of this 
invention comprise the reaction product (a) between 50 
and 100 percent by weight of a polyaromatic cyanate of 
this inventi-on, and (b) between 0 and 50 percent by 
weight of a cyanate useful in preparing polytriazines. 
The prior art cyanates may comprise mono-, di- and 
polycyanates . 

orhe polytriazines of this invention may com- 
prise up to 30 percent of monocyanate compounds r for 
example, ArfOCN)^ wherein n^l. The use of monocyanates 
give the polytriazines modified properties, for example, 
25 solubility, glass transition temperature, moisture 
resistance and impact resistance. 

The formation of polytriazines arise from the 
cyclotrimerization of aryl cyanates to prepare 1,3,5-tri- 
aryloxytriazines * The use of the difunctional and 
30 poly functional polyaromatic cyanates of this invention 
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ixx the cyclo1:rimerls5at:ion process resxilte in the prepara- 

tion o£ a three dimensional network polTmer which is 

hardr infusible and insoluble « ^ 

The term polytriaasines as used in this Inven- 
5 tion refer to both fully cured polytriazine polymers , 
and partially cured polytriazine prepolymers. Fully 
cured polytriazine^ are essen-tially free of cyanate 
functionalities* Ihe^ prepolymers are cyanate group- 
•containing polytriazlnes of liquid, waic^like or solid 

10 consistency and are soluble in organic solvents. These 
prepolymers are highly stable in storage « These 
prepolymers may be later converted to high molecular 
weight polytriazines when exposed to polymerization 
condition?* Prepolymers are prepared to pazmit easy 

15 handling of a resin prior to final use. Further, these 
' prepolymers are useful in the production of coatings on 
such substrates as. metals, cermics, glass and earthenware, 
and as incremating lacquers or laminating resins « 

In the preparation of the polytriazines, aro- 
20 matic polycyanates are contacted in the presence of a 
catalyst at a tea^erature of between 20 *C and 200*0, 
op1:ionally in the presence of a solvenli. Preferable 
temperatures are between ao*C and 180'»c* The prepoly- 
mers are prepared by the same process, except either a 
25 lower temperature or a lower amount of catalyst is 

used, so that the aromatic polycyanates do not completely 
polymerize. 

t 

The rate of polymerization is dependent upon 
the temperature and the catalyst amount. As either, or * 
30 both, increase, the rate of polymerization increases. 
At higher tender atures, a lower amount of catalyst is 
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necessary for the desired amount of polymerization than 
is necessary at lower temperatures. 

Useful catalysts include acids, bases, salts, 
nitrogen and phosphorus compotuxds, for exainple, Lewis 
acids such as AICI3, BF3, FeClg, TiCl^, ZnClg, SnCl^; 
proton acids such as HCl, H^PO^; aromatic hydroxy com- 
pounds such as phenol, p-nitrophenol, pyrocatechol, 
dihydroxy naphthalene, sodium hydroxide, sodium methylate, 
soditim phenojate, trimethylamine, triethylamine, tribu- 
tylamine/ diazobicyclo-(2,2,2)-octane, quinoline, iso- 
quinoline, tetrahydroisoquinoline, tetraethyl ammonium., 
chloride, pyridine-N-oxide, tributylphosphine, phospho- 
line-A^-l-oxa-l -^phenyl, zinc octoate, tin octoate, zinc 
naphthenate, cobalt salts of Cg^jo ^^rboxylic acids and 
mixtures thereof* Preferable catalysts are the cobalt 
salts of carboxylic acids, with cobalt naphthenate 

and cobalt octoate being most preferred. 

Generally^ any amount of catalyst which cata- 
lyzes the preparation of polytriazines is suitable. 
20 Preferably, between 0.001 and 10 percent by weight of 
the cyanates of catalyst is used. 

Solvents useful in this invention can be any 
compound which dissolves the aromatic polycyanates and 
does not interfere with the reaction. Suitable solvents 
25 include aromatic hydrocarbons, alcohols and ketones. 

The polyfunctional aromatic polycyanates may 
be combined with the powder-form or fibrous fillers or 
reinforcing materials either before or after heat 
treatment of the aromatic polycyanates and by basically 
30 any method. For exazirple it is possible to impregnate 
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powder-form or fibrous fillers or reinforcincf materials 
such as quartz sand or glass cloths, with the aromatic 
cyanates, optionally in solution* Examples of the 
solvents which may be used for this purpose and which, 
5 generally, have to be removed again afterwards, are 
inert solvents such as methylene chloride, acetone, 
methylethyl ketone, xylene, ethyl acetate benzene, 
toluene, tetrahydrofuran, chlorobenzene, dibutyl ether, 
dimethyl formamide and tetramethylene sulfone* 

10 Suitable fillers and reinforcing materials 

are, generally, in any powder form an4/or fibroxis prod^ 
ucts, for exaxBplB, of the type commonly used in the 
production of moldings based on unsaturated polyester 
resins or epoxide resins. Exajosples of products such as 

15 these are, primarily, granular fillers such as quartz 

powder, ground shale, asbestos powder, powdered corundum, 
chalk, iron powder, aluminum powder, sand, or gravel, 
also inorganic or organic fibers, more especially glass 
fibers in the usual textile forms of fibers, filaments, 

20 rovings, yams, nonwovens, mats or cloths- In this 

connection, amino sileuxe-based finishes have proven to 
be particularly effective. It is also possible to use 
corresponding textile structures of organic, preferably 
synthetic fibers (polyamides, polyesters) or on the 

25 basis of quartz, carbon, metals, etc., as well as 
monocrystals (whiskers). 

The end products combined with fillers or 
reinforcing materials may be used in particxilar in ves- 
sel and pipe construction by the winding technique, in 
30 electrical engineering, in mold construction and tool 
making and also in the construction of heavily stressed 
con^onents, in the lightweight constsnxction of vehicles 
in aeronautical and astronautical engineering. 
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Example 1 

Polytriazlne castings of each o*' * , 



NCO- 



OCK 






2.7 



OCN , I 



10 



IZ 



IS and 



20 



wherein formula i 

^ox»ulas XX an. xxx a.^ n^T'^ " '^^^^^^^ 

Canates of'^o^STx^^I xT"" ^ ^^^^^ 

and XI are prepared by heating 



III 
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about: 6 g of the respective cyanate along with about 
200 parts per million of cobalt naphthenate at 150®C 
for 1 hour and 20 minutes and then at 200^*0 for 3 
hours. 

5 The castings of formula III are prepared by 

heating about 6 g of formula III along with 200 parts 
• per million of cobalt n^hthenate at 180**C for 2 hours 
and 250 for 90 minutes. 

All of the castings are monitored by dif fer- 
10 eatial scanning calorimetry to insure the castings have 
no uncured cyanate funct^ionalities . 

A casting of each of the polytriazdLnea is 
exposed to the following test conditions. In Test: 1, 
the castings are boiled in water for 96 hours. In Test 

15 2, the castings are immersed in 20 weight percent: 

hydrochloric acid for 2*5 hoxirs at room temperatiire and 
then en reflux for 4.5 hours. In Xesit 3, the castings 
are immersed in 40 weight percent sodium hydroxide at 
room temperature for 2.5 hours, then at reflux for 4.5 

20 hours . 

Each casting is weighed before and after each 
test. Table I compiles the test results. 

TABL£ I 



^5 : weight Change 

Test Cyanate I Cyanate II Cyanate III 

1 +a.63 +1.08 +1.26 * 

2 +0.26 - 4.35 +1.55 

3 -1.69 -28.68 -5.78 
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The weight: gains are due to the adsorption of 
water by the samples. The weight losses are due to the 
decomposition of the polymer due to hydrolysis. Generally, 
water is adsorbed by the polymer prior to h3fxlrolysis . 

5 The exasxple demonstrates that the polytria*^ 

zine prepared from the compound corresponding to formula 
I is significantly more resistant to hydrolysis than 
the polytriazines prepared from compounds corresponding 
to formula XI or III. Visual inspection of the castings 

10 after Test 2 shows that the casting prepared from the 
compound corresponding to formula i has no change in 
appearance, whereas the casting prepared from the 
compound corresponding to formula IX has lost its 
transparency due to surface pitting. A visual inspection 

15 after Test 3 of the casting prepared from the compound 
corresponding to formula I shows slight surface pitting, 
.. whereas a visual inspection of the castings prepared 
from the compound corresponding to formula XI after 
Test 3 shows the casting to have niamerous voids throughout 

20 and that the casting readily crumbles under physical 
stress. 



Example 2 

An 85 percent solution of polyaromatic cya- 
nate I in methyl isobutyl ketone containing 0.016 

25 weight percent of cobalt naphthenate are used to 
impregnate fiberglass cloth. Eight plys of the 
impregnated cloth are laid up and cured in a press at 
175**C and 300 psi (2.07 MPa) for 1 hour to give a 0.062 
inch (1.57 mm) thick laminate which has a glass transi- 

30 tion teinperature of 265 **C. The laminate shows a 0.09 
percent by weight absorption of water after boiling for 
an hour at 15 psi. 



wo 85/02184 



rciyus84/oi63o 



-22- 



Example 3 . 

n«i.« ^ ■ • ^° solul:ion of a polyaromatric 

nate corresponding to tae formula 



cya- 



5 NCO. 




OCN IV 



IQ 



IS. 



20 



coblt octo.t, 13 l^r.5n.te fiber,!... L«. 

«"Ple Of th. i^^on, U prepared in the sa^ 

at 71.C for 1000 .^our. aoo percent h^i^^^r' 
l^t. prepare, from for^la w .ho». vat«^;K,f \. 
»^ 0.59 perc«.t. w^x. prep^lTf^^^^^ 

error is o.oi d»m-«i.v e^cperajnentaX 

cf in.en.on L3:r:iS:i^^T:L"= ~' 

Polytria^ine. prepare. f.o„ art o^^"" ^ 



Exarople A 

- 5» perce^'^^Sorcfr " ^"""'^ 

« .ceton. .t^n; 'r^LL'.,^ ^^^^'r 

ISO-C for 15 minutes and ^y, ^ated at 

pre., at contact p:e;s::e -erted into a 2XS-C 

pressure. The temperature is raised 
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10 



15 



20 



25 



30 



to 250-C over a period of a minutes and a pressure of 
100 psi (0.689 MPa) is then applied. After 45 minutes, 
the laminate is removed and post-cured for 1 hour at 
250OC and then for 1 hour at 275-C. the laminates are 
of an E glass Style 7781, a 1100 Finish, 6-ply and 27 
percent resin. 

The laminate is divided into different por- 
tions and several tests are run. m the control, the 
flexural strength and flexural modulus are determined 
at room temperatures (23-C, and l90-c. This testing is 
^ne in accordance with ASIM D-790. other portions of 
the laminate are exposed to different conditions and 
thereafter the flexural strength and flexural modulus 
are tested. 

"^^^^ * laminate is exposed to air at 
200 p for 500 hours, m Test 5 the laminate is exposed 
to 100 percent humidity at 50-c for 570 hours, m Test 
6 the laminate is immersed in CH^Cl^ for 7 days, m 
Test 7 the laminate is immersed in methanol for 7 days 
in Test 8 the laminate is immersed in. toluene for 7 * 
«5ays. The percentage of the flexural strength and 
modulus Of each laminate compared to the control at 
room temperature is calculated." The laminates are also 
weighed before and after each treatment and the perc^It 
Change relative to the standard is calculated. The 
results are compiled in Table ii. 

. ""^^^ " damonstrates that glass laminates 
prepared usong the polyaromatic cyanates of this inven- 
tion are stable to heat, humidity and contact with com- 
mon solvents such as methanol and toluene. 
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1. A polyaromatic cyaaate characterized by 
having the fonniaa ^ 




wherein: 

Ar is an aromatic radical; 
B is a Cy_2o POlycyclic aliphatic radical; 
D is independently in each occurxence any 
• liytoogen-containing substitaent; 

r and s are independently in each occur- 

Zll T ""^"^"^ ^' ^« P"-"o 

that the sum of g, r and s is greater than or 
equal to 2; 

t is independently in each occurrence an 
xnteger of between 0 and 4 inclusive; and 
. X is a number between 0 and 5 inclusive. 

in that: ««^P3ition of claim 1 characterized 
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Ar is a benzene, napbthaXene, phenanlAracene, 
anthracene, or bijuronatic radicals, or two or more 
aromatic radicals bridged by allcylene mole-ties; 

B is 





VI, 



Ok: 




D is an alkyl, alkenyl, aliynyl, aryl, 
alkaryl, aralkyl, halo, alkoxy, nitro, caiboxylate. 
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sulfoner sulfide, or carbonaW moiety; 
is Cj^^g alJcyl; 
y is 

0 0 
It It 
CH^, S or S . ; 
^ It 



q, r and s axe independently 1 or 2; 

t is independently 0^ 1 ^r 2; and 

X is a number between about 0 and 2 inclti-* 



slve. 



3. The composition of Claim 1 characteixized 
by having the formula 



NCO 




OCN 




wherein x is a real number of between. 0 and 5, xncXusive. 

4» The composition of Claim & wherein x is 
a real number of between 0 and 2, inclusive. 

5, The composition of Claim 6 wherein, x is 
a real number of between 0 and 1, inclusive. 

6. A process for the preparation af the 
poly aromatic cyanate of Claim 1 characterized by 



y ^ OMPi 1 
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(a) preparing in situ a cyanogen chloride by 
contacting a solution of chlorine in a chlorinated 
hydrocarbon with an aqueous solution of an alkali 
metal cyanide at a temperature of o*c or below 
tmder conditions such that a cyanogen chloride is 
prepared; 

(b) physically separating the <&lorinated 
hydrocarbon in which the cyanogen chloride is dis- 
solved from the aqueous layer in which an alkali 
metal chloride salt is dissolved; and 

(c) contacting the cyanogen chloride dis- 
solved in the Chlorinated hydrocarbon with a poiy- 
cyeiic bridged hydroxy-substituted polyaromatic 
confound dissolved in a chlorinated hydrocarbon, a 
secondary alcohol or a tertiary alcohol, in the 
presence of a tertiary amine at a temperature of 
about O^c or less under conditions such that a 
polyaromatic cyanate is prepared; 

• • • ' 

wherein the polycyclic bridged hydroxy-s^^stituted " 
polyaromatic con^jound corresponds to the formula 



(HO-^^ Ar« 



■ B Ar 

(OK), 



B 



- Ar 



.(OH), 



wherein: 



Ar is an aromatic radical; 

^ * ^7-20 polycyclic aliphatic radical- 

D xs independently in each occurrence any' 
nonactive hydrogen-containing substituent, 

"^IJ '^'^ ^ independently in each occur- 
rence the integers o, i, 2. or 3; with the proviso 
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that the sum of r and s is greater than or 
equal to 2; 

t is independently in each occurrence an 
integer of between 0 and 4 inclusive; and 

X is a number between 0 and 5 inclusive. 



7. A polytriazine characterized as being 
the reaction product of 

(a) between 1 and 100 mole percent, of the 
polyaromatic cyanate of Claim 1. 

and (b) between 0 and 99 mole percent of one 
or more cyanate^-contraining compounds,. 



8. The polyliriazine of Claim 7 characterized! 
in that the cyanate^-containing compound correi^onds to 
the formula ArfOCN)^ wherein Ar is an aromatic radical 
and n is an integer of between. 1 and 5, inclusive. 



9. The polytriazine of Claim 7 charact;erig ed. 
in that the cyanate-^containing compoimd corresponds to 
the formula 



(NCO) 




(OCN) 



wherein 

each R is the same or different and repre- 
sents hydrogen, halogen, straight and branched 
C^-CjQ alkyl, phenyl, alkoxy radicals having from 
1 to 4 carbon atoms, alJcoxy carbonyl radicals having 
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from 1 to 4 carbon atoms in the alJcyl group or; 
two adjacent radicals R on the same nucleus may 
together £orm a carbocyclic 5- or 6-membered ring, 
two adjacent radicals R may, together with a hetero 
atom (O, S, N), form a 5- or S-^membered heterocyclic 
ring^ 

R< has the same meaning as R or represents 
the group 




(R)l, 

A represents a direct bondr a ^jj^^lO ^^1" 
ene group optionally substituted by C^^C^ alkyl 
or phenyl, a cydoaliphatic or aromatic 5- or 
6-membered ring optionally interrupted by oxY9&i, 
a sulfdnyl group (-S02-)# a carbonyl dioxide group, 

(-OCO-) 

It 
o 

or a carbonyl group; 

a represents a number of from 1 to 5 when 
e^l, and a number of from 2 to 5 when e«0; 

b represents 5-a when e^l and e-la-f^} when 

e»07 

c represents 5-d; 

d represents a nxirober of from 0 to 5, and 
e represents 0, 1, 2 or 3, 

with a provis that the sum of a and d is aiways a 
number from 2 to 5. 
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ABSTRACT 

This invention relates to a polyaromatic cya- 
nate cHaracterized by having the formula 



(NCO^^ Ar. 



-B 



- At 

(OCN), 



7 



B 



(OCN) 



wherein: 



Ar is an aromatic radical; 



B is a C^^^o Poiycyclic aliphatic radical; 

D is independently in each occuzxence any 
nonactive hydrogen-containing substituent; 

r and s are independently ia each occur- 
rence the integers 0^ i, 2, or 3; witu the proviso 
that the sua of q,- /''and s is greater than or 
equal to 2; 

t is independently in each occurrence an 
integer of between 0 and 4 inclusive; and 

3C is a number between 0 and 5 inclusive. 
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Another aspect: of this ii«rentipn is a process 
for the preparation of the polyaromatic cyanates. This 
process is characterized by first preparing cyanogen 
chloride in situ in a chlorinated hydrocarbon solution. 
The aqueous layer containing the alJcali metal chloride 
by-product is separated from the chlorinated hydrocarbon 
layer. Then the polyaromatic cyanate is prepared by 
contacting a bridged hydroxy-substituted polyaromatic 
compound with the cyanogen chloride solution. 



Another aspect of this invention is a 
polytriazine characterized a. being the reaction product 
Of (a) betv^een 1 and 100 mole percent of the polyaromatic 
cyanate ester of this invention and (b) between 0 and 
99 mole percent of one or more cyanate-containing 
compounds known in the art as useful for the preparation 
of polytriazines. i'«*«.on 
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[received by the International Buieau on 24 January 1985 (24.01.85); 
origmal dt^m 4 and 5 amended; remaining claims undianged (1 page)] 

sulfone, sulfide f or carbonate moiety; 
D''' is Cj^^g alkyl; 
y is 



CH. 



3, S or S 

o 



q, r and s are independently 1 or 2; 

t is independently 0, 1 or 2; and 

X is a nusiber between about 0 and Z inclu* 

sive» 



3. The composition of Claim 1 characterized 
by having the formula 



NCO 



OCN 




OCN 



wherein x is a real number 'of between 0 and 5, inclusive. 



4. The composition of Claim 3 wherein x is 
a real number of between 0 and 2, inclusive. 



5« The composition of Claim 3 wherein x is 
a real number of between 0 and 1, inclusive. 

6. A process for the preparation of the 
polyaromatic cyanate of Claim 1 characterized by 
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